Pressure and temperature modulation of conduction in a bifurcating axon.
A bifurcating crustacean motor neuron, which serves an integrative function by selectively controlling output to its daughter branches, was examined for its behavioral response to changes in pressure and in temperature when each was varied while the other was held constant, and when both were varied together. The neuron was exposed to helium pressure between 1 and 200 ATA and temperatures between 9 and 22 degrees C. The response of the neuron to pressure changes was biphasic and time dependent. Immediately following a pressure change, action potential amplitude and conduction velocity increased, and the ability of the branch point to pass high frequency trains improved; after 15-20 min at pressures above 35 ATA these measures were depressed below control values. The curve relating functional measures to temperature displayed a time-dependent hysteresis, fast warming leading to values for amplitude, velocity, and branchpoint capacity which corresponded to those made at a point 3-5 degrees C higher during slow cooling. The delayed depressant effects of compression and cooling were synergistic. Low temperature significantly enhanced the effects of pressure on amplitude and conduction velocity; high pressure increased the Q10 of both measures. However, slow cooling antagonized the transient compression-induced excitability increase, and prolonged exposure to hyperbaric pressure diminished the temperature hysteresis. The complex time-dependent changes in this branching axon's ability to conduct are related to previously described changes in membrane potential properties. The responses of this axon to pressure changes are different from responses of other axons studied at hyperbaric pressure. Thus, even within relatively stereotyped axon membrane the effects of pressure are not generalizeable among cells. The possible relevance of these findings to the high pressure nervous syndrome (HPNS) is discussed.